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ABSTRACT: Several spectral indices have been used to estimate droughts, however, these 
indicators only give evidence of a dry spell leaving out its impacts on significant economic 
activities performed in a given region. In this context, livestock breeding in one of the most 
important activities to analyze in the Brazilian semiarid region. The aim of this study was to 
evaluate the relationship between the drought indices, obtained through remote sensory devices, and 
annual milk production (2004 – 2014), identifying the most affected cities by the drought and were 
considered the most vulnerable and in need of special attention during dry periods. In order to 
analyze the data, the hierarchical grouping technique and correlation analyses between milk 
production and VCI - Vegetation Condition Index, TCI - Temperature Condition Index, VHI - 
Vegetation Health Index, PCI - Precipitation Condition Index and SDCI - Scaled Drought 
Condition indices were used. The intense correlation between milk production and the drought 
indices may be related to the dependency of the cities’ economies on natural resources. On the other 
hand, the diversification of the cities’ economic activities may enable access to various resources 
and drought vulnerability reduction. 
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INTRODUCTION 
Nowadays, several indices are used to monitor droughts and most of them are based on 
hydroclimatic, edaphic and physical variables. However, droughts are phenomena which cause 
mostly socioeconomic impacts. Hence, an appropriate index used to monitor the drought of a given 
region is expected to adjust itself to the respective local socioeconomic impacts.  
Livestock production stands out in drought impact evaluations since it is one of the main 
economic activities of Brazil’s semiarid regions. The animals complement the population’s 
alimentation, are used to transport people and cargo, have higher resistance to droughts when 
compared to plants, and act as an alternative for subsistence during droughts, ergo become a type of 
family savings account (Coutinho et al., 2013; Ferreira & Urbano, 2013; Cândido et al., 2015). 
One of the main negative impacts of droughts on cattle raising is the limitation of forage 
production, which is basically composed of the region’s native pasture, heavily influenced by the 
seasonality of the climate, and, consequently, the rainy season (Lima Júnior et al., 2013; Mcclaran 
& Wei, 2014). Scarcity or lack of nourishment make the animals lose weight, reducing the quality 
of the derivatives, and in extreme cases, death, which threatens the whole livestock production 
chain (Kachergis et al., 2014). 
Although this activity is extremely relevant to its region, few studies have correlated drought 
indices to livestock production, when evaluating and monitoring drought impacts. The vast majority 
of these studies only consider the impacts caused in agriculture (Simelton et al., 2009; Diniz & 
Santos, 2011; Fernandes & Heinemann, 2011; Antwi-Agyei et al., 2012). Other studies integrate 
droughts to livestock in the context of insurance policies for small producers, using indices to 
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estimate the pasture loss (Chantarat et al., 2013; Vrieling et al., 2014; Takahashi et al., 2016). 
Therefore, there is a need to intensify (deepen) the relationship between these indices and the 
aspects related to cattle raising.  
This study aimed to evaluate the correlation between drought indices from remote sensing 
products (devices) and milk production in the semiarid region of the State of Paraíba. As a premise, 
the milk producing cities directly affected by droughts are more socioeconomically vulnerable, 
demanding more attention from officials in prolonged drought periods.  
 
MATERIAL AND METHODS 
The area evaluated in this study includes the cities belonging to the Taperoá and upper 
Paraíba river basins (Figure 1). The region presents elevated temperature, small thermic variations, 
rain with great spatial and temporal variability. Its economy is based on extensive livestock 
production, mainly cattle and goats, which is carried out in small family managed lands (Alves et al., 
2015; Pereira & Alcântara, 2015). The raising of the animals is semi-confined, the milking system 
is manual and natural estrus, with no refrigeration and low daily productivity of milk (Cândido et al., 
2015; Clementino et al., 2015). 
 
 
1 Amparo 10 Congo 19 Ouro Velho 28 S. Sebastião 
do 
Umbuzeiro 
2 Assunção 11 Coxixola 20 Parari 29 Serra Branca 
3 B. São Miguel 12 Desterro 21 Pocinhos 30 Soledade 
4 Boa Vista 13 Gurjão 22 Prata 31 Sumé 
5 Boqueirão 14 Juazeirinho 23 Santo André 32 Taperoá 
6 Cabaceiras 15 Junco do Seridó 24 S. Domingos do Cariri 33 Tenório 
7 Cacimbas 16 Livramento 25 S. João do Cariri 34 Zabelê 
8 Camalaú 17 Monteiro 26 S. João do Tigre   
9 Caraúbas 18 Olivedos 27 S. José dos Cordeiros   
FIGURE 1. Study area. The Taperoá and Upper Paraíba River basins are highlighted. 
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The VCI - Vegetation Condition Index and TCI - Temperature Condition Index (Kogan, 1995) 
were used to consider the aspects related to vegetation and temperature, along with the VHI - 
Vegetation Health Index (Kogan, 1997), which is a combination of the first two indices. The other 
indices used were the PCI - Precipitation Condition Index (Rhee et al., 2010; Du et al., 2013), 
regarding the rainfall obtained through remote sensing; and the SDCI - Scaled Drought Condition 
Index (Rhee et al., 2010), which is a linear combination of TCI, PCI and VCI. 
Table 1 contains some information about the products used in the estimations of the indices. 
The information was obtained from a data bank maintained by NASA EOSDIS Land Processes 
Distributed Active Archive Center on the USGS/Earth Resources Observation and Science Center, 
Sioux Falls, South Dakota. The MOD13A3 (NASA, 2016a) product regards the monthly 
composition of the Normalized Difference Vegetation Index (NDVI) and the MOD11A2 (NASA, 
2016b) considers the superficial temperature (Land Surface Temperature - LST) available every 
eight days, both with 1 km resolution. On the other hand, the TRMM 3B43 (NASA, 2016c) 
measures the monthly rainfall rate (mm/h) with 0.25º (± 25 x 25 km) spatial resolution. 
 
TABLE 1. Description of drought indices by remote sensing. 
Drought 
index 
Equation Variable by remote sensing Satellite Device 
VCI 
 
NDVI - Normalized Difference 
Vegetation Index 
MODIS 
MOD13A 
v005 
TCI 
 
LST - Land Surface Temperature MODIS 
MOD11A2 
v005 
PCI 
 
TRMM - Tropical Rainfall 
Measuring Mission 
TRMM 3B43, v7 
VHI 
 
   
SDCI     
Where: NDVImax, NDVImin, LSTmax, LSTmin, and TRMMmax, TRMMmin are the highest and lowest results of NDVI, LST, and 
TRMM, respectively, in the time series of each point.  
 
The indices were estimated on a monthly scale and, later, the annual average was calculated to 
compose the reference values and compare them to the milk production data. The total annual milk 
production was obtained from the database of the Brazilian Institute of Geography and Statistics 
(IBGE, 2016), available from 2004 through 2014.  
Interviews were also conducted with technicians of EMATUR (Technical Assistance and 
Rural Extension Company of Paraíba State), to obtain information about the characteristics of milk 
production, especially on producers who deal with droughts. The interviews were conducted in a 
non-structured manner in order to broadly explore the matters related to the topic of interest.  
Next, correlation evaluations using the Pearson coefficient were done to assess the capacity of 
the indices in monitoring the droughts, considering their impacts on milk production. The 
correlations were classified as strong (r > 0.75), moderate (0.75> r >0.5) and weak (r < 0.5). The 
hierarchical grouping technique, based on the Euclidean distance, was used in the series of annual 
milk production results (2004 – 2014) of each city. The data were standardized and, using the 
statistical package R Core Team (2016), groups with similar milk production behaviors were 
identified.  
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RESULTS AND DISCUSSION 
The best correlations among drought and milk production indices were observed for the 
indices: VCI, VHI, and SDCI. Twenty, of the thirty-four cities, presented strong correlation in at 
least one of the five indices (Figure 1; Table 2). Among them, 18 cities presented strong, 3 
presented moderate and 9 presented low simultaneous correlation for the VCI, VHI, and SDCI. 
However, 4 cities presented no mutually consistent correlations with these three indices but did 
present other classes of correlation.  
 
 
FIGURE 2. Correlation between drought indices and milk production in the 34 municipalities of the 
Taperoá and Upper Paraíba River basin, State of Paraíba. 
 
TABLE 2. Number of municipalities by classes of correlation between drought indices and milk production. 
Correlation 
   Drought Indices  
VCI TCI PCI VHI SDCI 
Strong 19 12 12 19 18 
Moderate 4 13 11 4 6 
Weak 11 9 11 11 10 
 
Milk production had strong correlations with vegetation indices, unlike with the rainfall 
indices, i.e. the overall correlations with PCI were weak. This fact can be related to the low 
sensibility of the TRMM sensor in detecting the broad spatial variability in the region, in relation to 
the size of the cities (see Figure 2). This sensor possesses 0.25º (± 25 x 25 km) of spatial resolution, 
which is inferior to that produced by MODIS, which is 1 km and is used for drought indices.  
The low correlations with TCI show the weak influence of surface temperature in monitoring 
droughts. The TCI, which uses an LST, is better employed when combined with NDVI (Rhee et al., 
2010; Son et al., 2012; Du et al., 2013; Hao et al., 2015), which gives superior information on the 
vegetation conditions, while LST is related solely to the hydric stress.  
Considering the indices with the best correlations (VCI, VHI, and SDCI), we observed strong 
correlations in 19 cities, which can be associated with the reliance of their economies on resources, 
such as native pastures and rainfall. Alves et al. (2015) evaluated the influence of rain and of the 
dryness (drought) indices on the degradation processes in the region and reported a tendency of 
increasing dryness at the center of the basin, which coincides with the cities with the most intense 
correlation.  
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The cities of Monteiro, Boqueirão, Pocinhos, and Juazeirinho all presented: low correlations 
between the milk production and drought indices; populations larger than ten thousand inhabitants; 
and are among the seven cities with the highest milk production averages. Factors such as these can 
contribute to attract and diversify investments and infrastructure, reducing their economic 
dependence on rainfall.  
The city of Taperoá presented moderate correlation with the drought indices, the highest milk 
production averages, and more than ten thousand inhabitants. Taperoá and Monteiro contain milk 
processing infrastructure, which attracts other investments and exerts influence on the neighboring 
cities. We verified that both the aforementioned cities use silage, small irrigation systems, and 
blood-red prickly pear (Opuntia ficus-indica) cultivation. 
Once the existence of a correlation between the drought and milk production indices was 
established, we investigated the existence of groupings among the cities. Analyzing the dendrogram 
(Figure 3A), four groups were formed. The cities within the same group tended to have similar 
characteristics of milk production variation, but different characteristics from the other groups. 
Figure 3B shows the spatial distribution of the groups.  
 
 
FIGURE 3. Dendrogram of milk production (A). Spatial distribution of groups in the study area (B). 
 
Group 1: Formed by 19 cities, it presented an accentuated drop in milk production in 2012. 
With the exception of Prata (22), these cities stood out because of their strong correlation with the 
VCI, VHI, and SDCI indices. Additionally, this is the same group which presented the strongest 
correlation with the drought indices.  
Group 2: Composed of three cities (3, 5 and 21), it presented small reductions in milk 
production in 2012 and weak correlation with drought indices. This was the only group to have 
higher production in 2013 than in 2012.  
Group 3: Composed of three cities (4, 6 and 24), it presented reductions in milk production, 
having moderate results, between groups 1 and 2. Contrarily to what occurred in the other groups, 
which tended to stabilize or increase milk production from 2013 onwards, no recovery rates were 
found for these cities, with production falling off from 2013 to 2014.  
Group 4: Composed of nine cities (2, 14, 15, 16, 17, 18, 30, 32 and 33), it also presented a 
reduction in milk production having intermediate results, between groups 1 and 2. Four of the seven 
highest averages of milk production and the highest populations belong to this group.  
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Analyses of the groupings and the correlations suggest that cities from Group 1 have their 
economies strongly dependent on natural resources and are more affected by the droughts. These 
cities should be given help regarding the fulfillment of drought management strategies, especially in 
risk management, which should include continuous and proactive measures, aiming to reduce the 
negative effects, the economic losses and the costs associated with reactive and recovery actions.  
Group 2’s milk production was the least affected by the drought and presented the weakest 
correlations with the drought indices, being considered the least vulnerable group to the impacts 
caused by the drought. This condition can be credited to the use of small irrigation (systems or 
doses) and economic diversification.  
Group 4 contains a few of the cities with the largest populations and highest milk production. 
Silage, small irrigation (systems or doses) and milk processing centers are all used in these cities. 
Their economies are heavily dependent on the livestock and agricultural activities, but they are also 
influenced by the services and mineral extraction sectors. The cities in Group 3 have similar 
characteristics, however, they continued to suffer production decreases in the years of 2013 and 
2014.  
The cities of São João do Cariri, Boqueirão, São Domingos do Cariri and Monteiro were 
chosen to represent Groups 1, 2, 3 and 4, respectively, in the temporal production and drought index 
analysis. An increase in milk production can be observed between 2004 and 2011 (Figure 4), a 
period lacking severe droughts and may have had good native pasture availability to feed the herds. 
Being implemented in Paraíba in 2003, the Programa do Leite (Milk Program) may have 
contributed to higher investments in this sector since it promoted the strengthening of family 
agriculture guaranteeing the purchase of milk at a fixed price.   
 
 
FIGURE 4. Annual variation of drought indices and milk production for the municipalities of São 
João do Cariri (A), Boqueirão (B), São Domingos do Cariri (C) and Monteiro (D). 
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The highest milk production results were registered in 2011, described by drought indices as 
the most humid year of the series. However, in 2012, the highest drought indices were registered.  
These results were similar to those obtained by Cunha et al. (2015), who used MODIS (LST and 
NDVI) devices to evaluate the environmental changes capable of generating drought alerts. The 
authors observed that 2011 was a humid year and in 2012 a drought occurred, which intensified 
from 2012 to 2013. 
Anderson et al. (2015), who used remote sensing devices, also observed the intensification of 
the drought in the same region and period (2012-2013). Gutiérrez et al. (2014) reported this specific 
drought as one of the most severe of the last century, as several cities declared a state of emergency 
because of the agricultural losses of nearly 90% when compared to 2011.  
Small index reductions reflect no effective (actual) changes in the milk production behavior 
pattern (Figure 4). However, when indices are expressively reduced, indicating severe drought, milk 
production drops. This behavior indicates that, although the producers’ adaptation strategies are 
somewhat still flawed, they are enough to overcome less severe droughts, but, in severe cases, they 
become insufficient, highlighting the need for perfecting their contingency plans.  
Costa et al. (2008) reported the lack of technique in strategies used by farmers in the Cariri 
region of Paraíba. These authors mentioned the used of beans, corn, cotton, palm and mandacaru 
(Cereus jamacaru P. DC.) forage in livestock feeding, along with animal sales and, in some cases, 
haymaking. 
Riet-Correa et al. (2013) analyzed dairy goat breeding in the semiarid region of Brazil, 
reporting that farmers had been experiencing problems to maintain production during the dry 
seasons. Success in these conditions depended largely on the government’s assistance policies. 
Their study verified general difficulties in forage management and production, lack of technical 
assistance and the increase of prickly pears resistant to cochineal (Diaspis echinocacti) production, 
because of its importance as an alternative for animal feeding during the droughts. 
The sale of part of the herd and the lack of pasture are among the reasons for milk production 
reductions in 2012. The recovery of the palm tree plantation areas and other governmental 
interventions, such as corn purchase subsidies for animal rations, may have contributed to the 
modest milk production growth in 2013 and 2014, even with the prolongation of the drought.  
The monitoring of the drought indices, which presented intense correlation with milk 
production, can serve to alert producers about the lack of natural pastures and increase in ration 
prices, which occur due to below average rainfall.  
These data, which are already available, can help in preparing and applying management 
strategies, such as water conservation, preventive slaughtering of livestock and exploring of 
alternative pricing measures for grains used in animal rations, among others aiming to reduce the 
negative impacts of the droughts on livestock farming.  
 
CONCLUSIONS 
The drought indices, obtained by remote sensory, correlated well with the milk production in 
most of the assessed cities, especially the VCI, VHI and SDCI, and have the potential of being used 
as tools in monitoring and managing strategies to reduce the losses of livestock caused by droughts. 
Most of the cities are vulnerable to droughts, since farming in this region is extremely 
dependent on natural resources, as shown in correlations between milk production and drought 
indices. On the other hand, cities with better economic diversity present less vulnerability. 
Management strategies commonly used in the northeastern region of Brazil, as reported in the 
studied cities, are enough to deal with now intensity droughts, but are insufficient to overcome 
severe drought conditions.  
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